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Abstract 
In this work, we present a practical and engineering risk management procedure for a university-wide safety and 
health management of nanomaterials, developed as a multi-stakeholder effort (government, accident insurance, 
researchers and experts for occupational safety and health). It provides the identification and evaluation of potential 
hazards and establishes effective control mechanisms to ensure protection of the employee and the environment. The 
process, similar to control banding approach, starts using a schematic decision tree that allows classifying the nano 
laboratory into three hazard classes (from Nano 3 - highest hazard to Nano1 - lowest hazard). The first differentiation 
in the decision tree for hazard class determination regards the environment, whether the process is carried out in a 
closed (complete process confinement) or open system. In case the process is not fully enclosed (glove box or 
completely sealed environment), different types of activities with nanomaterials are discussed (activity with 
nanofibers, powders, suspensions and activity with nanoobjects in solid matrix). For each determined hazard level we 
then propose a list of required risk mitigation measures (technical, organizational, personal, reception and storage, 
shipping and handling, medical survey and cleaning facilities). The target ‘users’ of this safety and health 
methodology are researchers and safety officers in the first place. They can rapidly access the precautionary hazard 
class of their activities and the corresponding adequate protective and preventive measures.  
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1. Introduction 
Workers’ exposure to Manufactured Nano Objects is an emerging issue in occupational risk assessment 
and management. Generally risk is associated with the nature of material and exposures that people have 
to that material. Therefore, for a full risk assessment of nanomaterials, detailed materiel information is 
required (chemical composition of nanoparticles, Material Safety Data Sheet when available, particle 
morphology, aspect ratio, particle size distribution, zeta potential, solubility, known hazards) as well as 
about the full process descriptions where nanomaterials are used or produced. For a particular uptake 
route, for example respiratory organs, level of exposure have to be investigated for each process step. This 
is a challenge, because it is unclear which characteristics drive the toxicity of nanomaterials and thus need 
to be measured. At the moment, for the wide range of exposure scenarios, data are lacking. In the absence 
of dose-response relationships and exposure data, quantitative risk assessment is currently not possible for 
worker inhalation exposure to Manufactured Nano Objects. 
However, since preliminary scientific evaluations indicate that there are reasonable suspicions that 
activities involving nanomaterials might have damaging effects on human health; public and private 
institutions as well as industries have to adopt preventive and protective measures proportionate to the risk 
intensity and the desired level of protection.  
Recent efforts aim at developing strategies for initial assessment of the risks of nanomaterial 
applications without requiring detailed knowledge on the toxicology of the nanomaterials involved. 
Potentially useful concept that has some relevance to nanomaterials in workplace is control banding [1-3]. 
In control banding approach, Hazard band and Exposure band are estimated and combined into broad risk 
classes. Different levels (or bands) of protection are proposed consequently to control the risk. In recent 
years a few teams [3-5] proposed qualitative risk estimate and control for engineered nanomaterials based 
on this approach and it seams to be, at the moment, largely accepted strategy to handle ‘unknown’ in 
management of Nanomaterials safety. 
In this work, we present a practical control banding methodology [6] particularly suitable for safety 
and health management of nanomaterials at universities. At our school (Ecole Polytechnique Fédérale de 
Lausanne - EPFL, Switzerland) over 30 research groups (in basic sciences, engineering or life sciences) 
produce, modify or use engineered nanomaterials in approximately 100 laboratories with over 300 
different associated production or characterization processes. Development of the methodology is the fruit 
of a multi-stakeholder effort (government, accident insurance, researchers and experts for occupational 
safety and health) [6]. 
 The procedure starts using a schematic decision tree that allows classifying the nano laboratory 
into three hazard classes (from Nano 3 - highest hazard to Nano 1 - lowest hazard). 
As already mentioned, classifying laboratories into risk classes would require considering actual or 
potential exposure to the nanomaterial as well as statistical data on health effects of exposure. Due to the 
fact that these data (as well as exposure limits for each individual material) are not available yet, risk 
classes could not be determined.  
For each determined hazard level we then propose a list of required risk mitigation measures 
(technical, organizational, personal). 
 
2. Decision tree for laboratory type determination 
Figure 1 depicts the questions to be answered by nanomaterial users and producers (only research 
environment is considered, industrial processes are not discussed) when classifying their activities. 
Exposure to nanomaterials may happen by ingestion, inhalation, injection and dermal contact. 
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Consequently, the first differentiation in the decision tree for hazard class determination regards the 
environment, whether the process is carried out in a closed (complete process confinement) or open 
system. In case the process is not fully enclosed (glove box or completely sealed environment), different 
types of activities with nanomaterials are correspondingly discussed: 
x Activity with nanofibers  
x Activity with nanoobjects in powder  
x Activity with nanoobjects in suspension 
x Activity with nanoobjects in solid matrix. 
Inside these categories, hazard classification is based on the quantity of nanomaterial as well as on the 
aggregation/agglomeration state (for activities with nanopowders).  
For nanopowders we also distinguish production and handling. Very often, particles are supplied by 
other laboratories or external suppliers, where occupational safety and health team cannot control the 
process as well as for home-made particles. Furthermore, users manipulate such particles more often in 
confined spaces. Limits for hazards classes’ determination in case of handling are therefore lower than 
those for production. 
The hazards related to nanomaterials suspension are not only influenced by the nature of particles but 
also by the dispersant. The decision tree is organized accordingly: For manipulated quantities superior to 
1 liter the nature of the used dispersant (flammable, toxic etc.) is considered. 
The preparation of composites is either treated as “Activity with nanoobjects in suspension” or 
“Activity with nanoobjects in powder” when performed in solution or in dry conditions, respectively. The 
laboratory is treated as Nano 1 if material characterization and post-preparation processing activities do 
not include any mechanical or thermal treatment. If dust can be released during the manipulation or if 
composites are friable, laboratory is treated as “Activity with nanoobjects in powder” (see figure 1 for 
complete laboratory classification). 
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Fig. 1. Decision tree used for determination of Nano hazard type. 
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3. Risk mitigation measures 
For each Nano laboratory type risk mitigation measure are proposed. Inhalation and skin contact are 
considered as most important exposure routes. Measures are organized in consequence. Technical, 
organizational and personal protective measures for different laboratory (Nano hazard) types are 
presented in figures 2, 3 and 4. Even though management of cleaning can be considered as a part of 
organizational measures, it is separated (figure 5) to underline its importance.   
3.1. Technical measures 
As illustrated in figure 2, laboratories with hazard level Nano 3 will require rather extensive technical 
measures with capture at source, exiting air filtering with at least a F7 filter [EN 779 -European Standard 
for ventilation filters. F7 has 80-90 % average efficiency for 0.4 μm particles], and access restrictions 
using a security vestibule (double door).  
 
Nano 1 Nano 2 Nano 3
Ventilation Chemistry lab type (renewal without recycling 5-10 X/h) x x x
With at least sealed F7 filter (maintenance!) for exiting air x
Low pressure in the room x x > 20 mPa
Capture at source x x
Floor Flooring Resin
Manipulation under fume hood Optional x (1)
Compulsory x x
Access restriction Restricted (magnetic card access control system) x x
Regular lab access control (laboratory key) x
Evidence about exposed people + board to record presence x
SAS entrance and exit Double SAS (if > 100 g ultrafine particles) x
Simple SAS (is < 100 g ultrafine particles) Light SAS x
Safety shower x
Use of vacuum cleaners Asbestos type x x x
Housekeeping type
Measures
Laboratory
Te
ch
ni
ca
l
Tiling or linoleum
Forbidden  
Fig. 2. Technical safety actions applied to laboratory classified ‘Nano’.  
3.2. Organizational measures 
Most organizational protective measures are similar for all laboratory types (see figure 3). Measures 
not listed in the figure are the following: 
x Each laboratory must have a responsible person (nano-officer). 
x An ordering/receiving procedure must be established with identified collecting points  
x Pregnant women are allowed to work with nanomaterials only with a special work authorization issued 
by an occupational physician. 
x Lab safety audits are performed by occupational health and safety specialists. 
x Permanent laboratory staff working in Nano 2 lab and every person working in Nano 3 are subject to 
medical surveillance. 
Concerning last point, reports [7] indicate that level of knowledge today doesn’t allow proposing a 
specific medical survey, or indicators of exposure or effects. Still, certain consensus is obtained at 
international level [8] to recommend that potentially exposed workers should have periodical medical 
survey with ‘conventional’ exams, specific for potential target organ. One can think about respiratory 
tract or cardiovascular system. At the EPFL, the potentially exposed workers are subject to rather 
extensive medical tests comprising: lungs radiogram, blood and urine test, spirometry and ECG. Results 
of these examinations will also be input for database to make epidemiological studies afterwards. 
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Nano 1 Nano 2 Nano 3
Restricted access Authorized persons only x x
Only activities nano in the laboratory x
Training Written working procedures x x x
Basic training x x x
Continuous training x x
City/laboratory clothes separation x
Conditioning of material Toxic (trash bin for toxic) x x x
contaminated by nano Double bag for toxic waste (100 microns thickness) x x x
Storage of bags in a sealed container x x x
Elimination of nano substances Liquid waste
and products Solid waste
Waste and PPE evacuation Domestic waste treatment channel
Special waste treatment channel x x x
Transports of "nano-objects" Simple packaging
Double packaging x x x
Measures
Laboratory
O
rg
an
iza
tio
na
l
Double packaging
Forbidden
Forbidden
 
Fig. 3. Organizational safety actions applied to laboratories classified ‘Nano’. 
3.3. Personal protective measures 
Personal protective measures (see figure 4) assign specific equipment to different hazard levels. As 
example, a mask with Powered Air Respirator must be used if the work lasts over two hours (Nano 3), 
while P3 (EN 143) or FFP3 (EN 149)/P-100 (USA NIOSH) filter/filtering mask is accepted for shorter 
work periods. Protection of body parts depends on the hazard level. Two pairs of adapted protective 
gloves are mandatory when working in Nano 2 and above. 
 
Nano 1 Nano 2 Nano 3
Eyes protection Safety glasses x
Laboratory mask or close fitting safety goggles x x
Respiratory organs protection Mask with assisted ventilation x
FFP3 mask x if < 2 h
Body protection Overal with hood - Tyvek style x
Non-woven lab coat x
Simple lab coat x
Overshoes x x
Hands protection 2 pairs of adapted gloves x x
1 pair of adapted gloves x
Measures
Laboratory
Pe
rs
on
al
 
Fig. 4. Personal safety actions applied to laboratories classified ‘Nano’. 
 
3.4. Cleaning management 
Only Nano 1 laboratories can be cleaned by the regular (external) cleaning staff (see figure 5) wearing 
protective equipment adapted to work in a chemical laboratory. Nano 2 must be cleaned by specially 
trained (external) personnel wearing the same protective equipment as lab employees and under the 
supervision of the lab responsible. Nano 3 must be cleaned exclusively by the lab employees themselves 
wearing the same personal protective equipment as for working and under supervision of a lab 
responsible. Only in exceptional cases, trained external personnel can be allowed to clean in Nano 3 
laboratories under the supervision of the nano-officer. 
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Nano 1 Nano 2 Nano 3
Who ? External personnel x
Specially trained external personnel x
Only laboratory personnel x
How ? Wet cleaning only x x x
Broom
Housekeeping type vacuum cleaner
Protective equipment Regular x
The same as for laboratory personnel x x
Supervision Laboratory responsible x x
Without supervision x
Measures
Laboratory
Cl
ea
ni
ng Forbidden
Forbidden
 
Fig. 5. Organization of cleaning for different Nano laboratories types. 
4. Use of methodology in the field and comparison with other similar approaches  
The presented approach for safety management of nanomaterials is currently being implemented at 
EPFL for research labs dealing with nanomaterials.  
The (not complete) results of inquiry (see figure 6) tell us that: there are about 30 processes that 
classify laboratory to Nano 3 type (more than 70 in Nano 1 type). The main types of activities are: use of 
different types of nanopowders for producing new materials, production and use of nanofibers and a 
multitude of processes including nanomaterials in suspensions. The most frequently used types of 
particles are: TiO2, Au, SiO2, Carbon nanotubes, C black, Fe2O3, Ag, RuO2, Fe3O4, ZnO etc.  
  
 
Fig. 6. Results of inquiry on production/use of nanomaterials at the EPFL.  
As an illustration of methodology use, we will discuss a simple process of use of C black 
nanoparticles.  
These particles (commercial name FW200) with average diameter of 13 nm and specific surface area 
of 550 m2/g are received in 500 grams containers and first weighted in order to distribute the powder into 
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smaller containers. Then 30 grams of carbon black is weighted from a small container and added to the 
previously prepared liquid polymer. The approximate time needed for operation of weighting is about 30 
minutes. The prepared mixture is then stirred in magnetic stirrer in order to obtain paste for further 
studies.  
If a part of process in which powder is used is analysed using proposed methodology, decision tree 
(see figure 1) will rapidly give: Activity with powder form, Use of nanomaterial, Quantity more than 100 
mg per experiment, particles do not agglomerate. This will lead to Nano 3 as Nano laboratory 
classification requiring the most extensive risk mitigation measures. They are described in above 
paragraphs and illustrated in figures 2, 3, 4 and 5, columns corresponding to Nano 3. 
Indeed, the person does work in the restricted access room, under a fume hood and using overall with 
hood-Tywek style, overshoes, close fitting safety goggles, 2 pairs of gloves and FFP 3 mask (for 
processes longer than 2 hours mask with assisted ventilation is used). The contaminated material (tissue 
used for wet cleaning etc.) is disposed to special bin for toxic waste and the laboratory staff does lab 
cleaning. 
 
For the purpose of comparison, we have applied another risk banding method, Control Banding 
Nanotool [3] for risk assessment of the same process. Based on the knowledge of the nanomaterial 
characteristics and review of the operation in the field, the CB Nanotol gave value 51.25 for severity 
(High severity) and 80 (Probable) for probability score (see table 1). As can be seen in the table, 5 out of 
13 factors contributing to severity are unknown contributing largely to the high severity score. 
Table 1. CB Nanotool [3] assessment of activity involving C black nanoparticles [3]. 
Severity factor Points Probability of exposure Points 
Surface chemistry, reactivity 
and capacity to induce free radicals 
10 Quantity of NP used during the 
task 
25 
Particle shape 0 Dust making capacity 30 
Particle diameter of NP 5 Number of employees occupying 
similar working place 
5 
Solubility of NP 10 Operation frequency 15 
Carcinogenicity of NP 5.625 Time for procedure 5 
Reproductive toxicity of NP 5.625   
Mutagenicity of NP 5.625   
Dermal toxicity of NP 5.625   
Toxicity of parent material 0   
Carcinogenicity of PM 3.75   
Reproductive toxicity of PM 0   
Mutagenicity of PM 0   
Dermal hazard of PM 0   
Total severity 51.25 Total probability of exposure 80 
 
Indeed, the toxicological information available on nanoparticles is minimal and will require deference 
toward unknown for an individual NM property until the standardization of toxicological parameters 
occurs.  The question is when this information will be put forward and also whether it will be put forth in 
a consistent manner that will be usable for the users of tools as CB NanoTool.  
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Combination of obtained severity and probability values for the analysed activity indicated that the 
overall risk level (RL) is 4 (the highest risk level), therefore requiring the highest level of risk mitigation 
measures. The tool propose consulting an expert [3] without elaborating more on the applicable control 
measures in the field for the Risk Level 4 (general ventilation is proposed  for RL 1, Fume hoods or local 
exhaust for RL 2 and containment for RL 3). 
5. Conclusion 
The target ‘users’ of the presented safety and health methodology are at first researchers and safety 
officers. In the preliminary use, they were able to rapidly access the precautionary hazard class of their 
activities and the corresponding adequate safety and health measures.  
The methodology as proposed take into account mainly exposure potential of material and doesn’t take 
into account class of hazardousness of nanomaterial, as it is done in some other control banding 
methodologies, in qualitative or quantitative way [3, 5]. Still, since the data on hazardousness/toxicity are 
missing in large majority of cases, the result of analysis for a particular process is essentially the same 
with proposed methodology and one that takes hazardousness/toxicity into account. It is clear that taking 
hazardousness factors (as surface chemistry, solubility, carcinogenicity, toxicity etc.) into account will be 
crucial when more data are available and method will be upgraded in consequence. 
 
Nevertheless, the proposed methodology shows its strength in simplicity of use and proposed 
control/protective measures that are very comprehensive assuring safe environment for researchers 
without hindering innovation. Since the activities classified as Nano 3 require rather extensive protective, 
technical and personal measures, it is advisable to regroup them in common rooms.  
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